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(54) Methods for making an optical fiber array used in an optical fiber array/optical integrated 
circuit interconnection assembly 



(57) The invention includes four preferred methods 
for making an optical fiber array for coupling to an optical 
integrated circuit (OIC) assembly of a related invention. 
The methods include steps of selecting first and second 
materials which have substantially similar thermal coef- 
ficients of expansion to form first and second parts, re- 
spectively. The first and second parts are formed by pol- 
ishing, grinding or cutting respective larger material 
pieces to an appropriate size, or by molding the first and 
second parts from the materials. An adhesive is applied 
to one of the first and second parts, and optical fibers 
are positioned in proximity to one of the first and second 
parts. The first and second parts are joined so that the 
adhesive contacts the optical fibers between the first 
and second parts. The adhesive is then cured by the 
application of heat with an appropriate temperature or 
by irradiating the adhesive with ultraviolet light, depend- 
ing upon the type of adhesive used. The resulting optical 
fiber array protects the stripped end portions of the op- 
tical fibers which are relatively fragile. Also, because the 
first and second parts are formed from materials with 
substantially similar thermal coefficients of expansion, 
the optical fiber array made by the methods of this in- 
vention is less subject to breakage or loss in bonding 
strength of the adhesive caused the application of tem- 
peratures and/or humidity conditions which are different 
from those under which the optical fiber array was as- 
sembled. Thus, the alignment and spacing of the optical 
fibers in the optical fiber array can be maintained to ef- 
fectively align the ends of the optical fibers with the ends 
of optical waveguides when the optical fiber array is 
joined and adhered to the OIC assembly. 
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Description 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This invention is related to U. S. Ser. No.08/421 ,105 
(DeVeau 15) and Serial No. 08/421 ,274 (DeVeau 17) to 
George F. DeVeau filed concurrently with this patent ap- 
plication. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention described herein is directed to meth- 
ods for making an optical fiber array housing optical fib- 
ers, for coupling to an optical integrated circuit (OIC) as- 
sembly. 

2. Description of the Related Art 

Optical integrated circuits (OICs) are increasingly 
being used to implement optical devices including 1xN 
splitters, switches, wave division multiplexers (WDMs), 
and other optical devices, primarily due to the capability 
through optical device integration to obtain devices re- 
quiring relatively precise component configurations. Al- 
so, OICs generally have a more compact size and are 
more reliable and durable relative to discrete optical de- 
vices. 

Often, an OIC is used in conjunction with optical fib- 
ers external to the OIC, that transmit optical signals to, 
arid receive optical signals from, the OIC. Therefore, an 
interconnection needs to be established between the 
optical fibers and corresponding optical waveguides of 
the OIC. One technique used to couple optical fibers to 
optical waveguides of an OIC uses an OIC formed from 
silica (Si02) with optical waveguides driven into the OIC 
using ion implantation (see "Reliability Studies of Sin- 
gle-Mode Optical Branching Devices", J. E. Matthews, 
III, etaL Coming Inc., November 1991). At an edge, the 
OIC has a step face extending from a top surface of the 
silica substrate transversely across the optical 
waveguides to a depth in the silica substrate. The OIC 
also has a ledge surface extending along a plane par- 
allel to the top surface of the OIC that meets with the 
step face. In the step's face, cross-sections of the optical 
waveguides are exposed. An end of an optical fiber is 
aligned relative to a corresponding end of an OIC optical 
waveguide with micropositioners, and adhered to the 
corresponding OIC optical waveguide end exposed in 
the step's face. Also, at a distance away from the end 
of the optical fiber, the optical fiber is adhered to the 
ledge's surface. The alignment and adhesion of optical 
fibers ends to corresponding OIC optical waveguide 
ends and the ledge is repeated one-by-one until all de- 
sired optical fibers have been adhered to corresponding 
OIC waveguides. Although this technique is meritorious 



to an extent in that it allows for relatively good optimiza- 
tion of optical signal transmission from an optical fiber 
to an OICs optical waveguide, the technique is relatively 
time-consuming and impractical for mass production 

5 because the optical fibers must be adhered one-by-one 
to the OICs optical waveguides and the ledge. Further, 
the connection between optical fiber ends and respec- 
tive ends of the OIC optical waveguides is relatively frag- 
ile and therefore can easily be broken. In addition, the 

10 connection between the optical fiber ends and respec- 
tive OIC optical waveguides is not very durable, partic- 
ularly in high humidity/temperature environments, be- 
cause the adhesive loses bonding strength under these 
conditions which can cause the optical fiber ends to sep- 

is arate from the ends of the optical waveguides. 

Another technique used to couple an OIC formed 
on a silica substrate to optical fibers uses silica-glass 
frames (see "Low-Loss and Stable Fiber-to-Waveguide 
Connection Utilizing UV Curable Adhesive", Y. Yamada, 

20 et al., I.E.E.E., 1992). Two optical fiber arrays are 
formed by sandwiching an array of optical fiber ends be- 
tween respective silica and glass components which to- 
gether define a frame. To aid in alignment o1 the fibers, 
the silica-glass frames include alignment grooves. Sim- 

25 jiarly, a silica substrate in which a 1 X 8 splitter is inte- 
grated, is sandwiched between silica and glass compo- 
nents which define a frame. A silica-glass frame housing 
an optical fiber array is positioned to oppose one end of 
the silica-glass frame housing the 1X8 splitter, and the 

30 other silica-glass frame housing the other optical fiber 
array is positioned to oppose the other end of the silica- 
glass frame housing the 1 X 8 splitter. The silica-glass 
frames are then positioned so that the optical fibers and 
the 1 X 8 splitter's optical waveguides are aligned, and 

35 the silica-glass frames are adhered together using an 
ultraviolet-curable adhesive. Although meritorious in 
some respects, this technique suffers from the signifi- 
cant disadvantage that glass and silica have different 
thermal coefficients of expansion so that the silica-glass 

40 frames, the optical fibers and the silica substrate in 
which the 1 X 8 splitter is formed, can develop internal 
stress or strain when subjected to certain temperatures, 
particularly temperatures different from those existing 
when the silica-glass frames are manufactured and as- 

45 sembled together. Therefore, the silica-glass frames, 
optical fibers and silica substrate can break or come 
apart under certain temperature conditions. 

SUMMARY OF THE INVENTION 

so 

The invention described in this document over- 
comes the disadvantages noted above. The invention 
includes methods for making an optical fiber array used 
in an interconnection assembly of a related invention 
55 which has an optical integrated circuit (OIC) formed on 
a substrate preferably made of silicon (Si). Coupled to 
the OIC are optical waveguides formed on the substrate. 
A protective plate, preferably borosilicate glass (i.e., py- 
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rex™), is adhered to the substrate with an adhesive, to 
protect the OIC. Preferably, the adhesive is an ultraviolet 
(UV) curable adhesive cured by irradiation with UV light. 
The protective plate and silicon substrate are diced to 
separate the portion of the silicon substrate including 
the OIC from the remainder of the silicon substrate. The 
diced protective plate and silicon substrate with its OIC 
defines an OIC assembly. One or both ends of the opti- 
cal waveguides of the OIC exposed by dicing are pol- 
ished at an angle greater than 6°, and preferably about 
12 p , relative to a direction normal to the major surfaces 
of the silicon substrate and the protective plate, to min- 
imize reflection of optical signals at the ends of the op- 
tical waveguides. In the end or ends of the OIC assem- 
bly, the optical waveguide ends are exposed and have 
laterally spaced relationship preferably at intervals of 
250 microns. 

The interconnection assembly of the related inven- 
tion also includes at least one optical fiber array. The 
optical fiber array includes two parts used to protect and 
maintain alignment of the end portions of a plurality of 
optical fibers. The two parts of the optical fiberarray also 
provide surfaces for gripping the optical fiber array to 
ease assembly of the interconnection assembly of the 
related invention, in accordance with this invention, the 
two parts are formed from respective materials that are 
selcted so that the materials have substantially similar 
thermal coefficients of expansion. In preparation for 
mounting in an optical fiber array the ends of a plurality 
of optical fibers are stripped of protective coverings, if 
any, using an acid or mechanical stripping, for example. 
The optical fibers are laterally spaced at predetermined 
intervals corresponding to the spacing of the OIC optical 
waveguide ends. An adhesive is applied to a surface of 
at least one of the two parts. The two parts are joined 
together from opposite sides of the optical fibers. After 
the adhesive cures, the optical fibers are fixed in position 
between the two parts. If UV curable adhesive is used, 
preferably at least one of the two parts is made of a ma- 
terial transparent to UV light such as borosilicate glass 
(i.e., pyrex™) so that the adhesive can be irradiated with 
UV light. To aid in alignment of the optical fibers before 
adhering the two parts together, one or both of the two 
parts can be made of silicon or other suitable material, 
in which linear alignment grooves can be formed using 
photo-lithography and/or etching or selective deposition 
techniques. The alignment grooves are disposed in a 
laterally spaced, parallel relationship corresponding to 
the spacing of the ends of the OIC optical waveguides. 
The end portions of the optical fibers can be positioned 
in respective alignment grooves to achieve proper align- 
ment and spacing of the optical fibers in the optical fiber 
array. If both of the two parts are made of silicon, a ther- 
mally- or room-temperature-curable adhesive is used to 
hold the two parts together because silicon is relatively 
opaque to U V light so that UV curable adhesives cannot 
be effectively used if the two parts are made of silicon. 
The end of the optical fiber array exposing the ends of 



the optical fibers, is then polished at an angle corre- 
sponding to the angle of the polished surface of the end 
of the OIC assembly, specifically, at an angle of at least 
6°, and preferably at an angle of about 12°, relative to 
s a direction normal to the major surfaces of the two parts. 
Importantly, the two parts of the optical fiber array are 
selected and formed from materials with substantially 
similar thermal coefficients of expansion, a. feature of 
this invention which prevents internal stress or strain on 
10 the adhesive between the two parts which could cause 
the adhesive to lose bonding strength particularly when 
the optical fiber array is subjected to temperatures dif- 
ferent than the temperature existing at the time the op- 
tical fiber array is assembled. 
15 In accordance with this invention, there are four pre- 
ferred methods for making an optical fiber array. In the 
first method, first and second materials are selected with 
substantially similar thermal coefficients of expansion. 
From the first and second materials, first and second 
20 parts, respectively, are formed by grinding, polishing or 
cutting larger pieces of the first and second materials or 
by molding the first and second materials to form the 
first and second parts, respectively Preferably, the first 
and second parts are about one centimeter in length, 
25 from one to two millimeters in thickness or height, and 
about four millimeters wide to house twelve optical fibers 
at spacing intervals of 250 microns, an industry stand- 
ard. Of course, other dimensions for the first and second 
parts and numbers of optical fibers can be used without 
30 departing from the scope of this invention. Alignment 
grooves are formed in the first part using photolithogra- 
phy and chemical etching or selective deposition tech- 
niques, or by mechanically etching the first part using a 
diamond scribe, for example. Preferably, the alignment 
35 grooves are formed so that they have angled surfaces 
which tend to center respective optical fibers in the align- 
ment grooves, and so that the alignment grooves have 
a laterally spaced, parallel relationship. Similarly, align- 
ment grooves are formed in the second part to corre- 
spond with the alignment grooves in the first part. Opti- 
cal fibers, stripped of their protective coverings either 
with an acid or mechanically, are positioned in the align- 
ment grooves of one of the first and second parts : and 
an adhesive is applied to at least one of the first and 
45 second parts. The first and second parts are joined to- 
gether so that the optical fibers are situated between 
corresponding alignment grooves of the first and second 
parts, and so that the adhesive contacts the first and 
second parts and the optical fibers. The adhesive is then 
50 cured either with the application of UV light or heat with 
an appropriate temperature, depending upon the type 
of adhesive used. If a UV-curable adhesive is used, one 
of the first and 6econd parts should be formed from a 
material transparent to UV light such as borosilicate 
55 glass so that the adhesive can be cured by illuminating 
the adhesive through the UV transparent first or second 
part. 

In a second method in accordance with this inven- 
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tion for making an optical fiber array, first and second 
materials are selected which have substantia lly similar 
thermal coefficients of expansion. From the first and 
second materials, first and second parts, respectively, 
are formed by cutting, grinding or polishing first and sec- 
ond material pieces to appropriate sizes, or by molding 
the first and second parts from the first and second ma- 
terials, respectively. End portions of optical fibers, 
stripped of their protective coverings either mechanical- 
ly or with an acid, for example, are positioned in corre- 
sponding alignment grooves of an alignment member, 
and an adhesive is applied to the first part or the align- 
ment member. Preferably, the alignment grooves are 
formed in a laterally spaced, parallel relationship with 
regular spacing intervals, preferably at 250 micron in- 
tervals. The adhesive is cured by the application of UV 
light or a temperature appropriate to cure the adhesive, 
and holds the end portions of the optical fibers to the 
first part in a spaced, parallel relationship defined by the 
alignment grooves. The first part with its adhered optical 
fibers is pulled away and separated from the alignment 
member. An uncured adhesive is applied to either or 
both of the first parts and the cured adhesive, and the 
first and second parts are joined together so that the 
uncured adhesive contacts the second part and the 
cured adhesive on the first part and so that the end por- 
tions of the optical fibers are situated between the first 
and second parts. The uncured adhesive is cured by the 
application of UV light or by subjection to a temperature 
suitable to cure the adhesive, depending upon the type 
of adhesive used. 

In a third preferred method for making an optical fib- 
er array in accordance with this invention, first and sec- 
ond materials with substantially similar thermal coeffi- 
cients of expansion are selected to form first and second 
parts, respectively. The first and second parts are 
formed either by cutting, grinding or polishing larger 
pieces of the first and second materials, or by molding 
the first and second materials with dimensions appro- 
priate to form the first and second parts. A compliant 
layer which is a relatively thin layer of polymer material, 
is formed on the first part. Alignment grooves, preferably 
with angled surfaces, are formed on the second part us- 
ing photlithography and chemical etching or selective 
deposition techniques, or by mechanical etching using 
a diamond scribe, for example. End portions of the op- 
tical fibers, stripped of their protective coverings, are po- 
sitioned in the alignment grooves of the second part, and 
an adhesive is applied to at least one of the first part and 
the compliant layer. The first and second parts are joined 
together so that the compliant layer contacts outside 
surfaces of the optical fibers and so that the optical fibers 
are situated between the compliant layer and the sec- 
ond part with the adhesive in contact with the compliant 
layer the optical fibers and the second part. The adhe- 
sive is cured by the application of UV light or a temper- 
ature suitable to cure the adhesive, depending upon the 
type of adhesive used. 



In a fourth preferred method for making an optical 
fiber array in accordance with this invention, first and 
second materials are selected with substantially similar 
thermal coefficients of expansion to form the first and 
5 second parts, respectively. The first and second parts 
are formed from respective first and second materials 
by cutting, polishing or grinding larger material pieces, 
or by molding the first and second parts from respective 
first and second materials, to appropriate dimensions. 

w End portions of optical fibers are positioned in respec- 
tive alignment grooves of two spaced alignment mem- 
bers. An adhesive is applied to the second part, and the 
second part is moved so that the adhesive contacts the 
optical fibers between the first and second alignment 

is members. The adhesive is cured by the application of 
UV light or a temperature suitable to cure the adhesive, 
depending upon the type of adhesive used. Uncured ad- 
hesive is applied to the first part and/or the cured adhe- 
sive, and the first and second pans are joined together 

20 so that the optical fibers are situated between the first 
and second parts and so that the uncured adhesive con- 
tacts the first and second parts. The uncured adhesive 
is then cured by the application of UV light or a temper- 
ature appropriate to cure the adhesive, depending upon 

25 the type of adhesive used. 

In accordance with a related invention, the OIC as- 
sembly and the optical fiber array are joined together 
using an adhesive, preferably of a UV curable type. Be- 
fore curing the adhesive, the optical fiber ends of the 

30 optical fiber array are aligned with the ends of the optical 
waveguides of the OIC assembly To align the optical 
fiber ends to the ends of the optical waveguides, the op- 
tical fiber array and OIC assembly are mounted on re- 
spective micropositioners. Preferably, alignment is per- 

35 formed by aligning an optical fiber end to an optical 
waveguide end at or near one side of the plurality of op- 
tical fibers. Alignment is achieved by supplying light to 
the opposite end of the optical fiber, and manipulating 
the micropositioner holding the optical fiber array until 

40 the light output of the optical waveguide on the OIC is 
maximized, or more preferably, in accordance with a re- 
lated invention described herein, the light scattered from 
an optical fiber/adhesive/optical waveguide interface is 
minimized. The end of the aligned optical fiber is held in 

45 position as the remaining optical fibers are rotated about 
the axis including the aligned optical fiber and OIC op- 
tical waveguide until the light output from the OIC is 
maximized, or the scattered light from the optical fiber/ 
adhesive/optical. waveguide interface is minimized in 

so accordance with the related invention, for the majority 
of the remaining optical fibers. The OIC assembly/ad- 
hesive/optical fiber array interface is then irradiated with 
UV light to cure the adhesive and fix the optical fiber 
array to the OIC assembly. Depending upon the OIC 

55 type, an optical fiber array can also be adhered to the 
other end of the OIC assembly in a manner similar to 
that described above. The OIC assembly and its ad- 
hered optical fiber array(s) together define an intercon- 
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nection assembly. 

To protect the interconnection assembly, the enclo- 
sures of a related invention use a protective tube with 
at least one planar inside surface, preferably made from 
a borosilicate glass such as pyrex™, with a thermal co- 5 
efficient of expansion substantially similar to the first and 
second parts of the optical fiber array. In the usual case 
in which the interconnection assembly has an optical fib- 
er array at each of its ends, adhesive is applied to an 
exposed surface of each optical fiber array, and the in- 10 
terconnection assembly is inserted into the protective 
tube by threading the optica! fibers of one of the optical 
fiber arrays through the protective tube until the slack of 
the optical fibers has been drawn through the protective 
tube. The interconnection assembly is inserted into the *s 
tube so that the surfaces of the optical fiber array with 
the adhesive applied to their surfaces, make contact 
with the planar inside surface of the protective tube. De- 
pending upon the nature of the adhesive, the adhesive 
is allowed or caused to cure by the application of appro- 20 
priate heat or U V light, for example. A sealant is applied 
inside each end of the tube to form plugs that enclose 
and seal the interconnection assembly in the tube. Each 
sealant plug contacts the optical fibers connected to a 
respective optical fiber array, but does not make contact 2$ 
with the optical fiber array itself, a feature of this inven- 
tion that helps to minimize temperature- and/or humidi- 
ty-related stresses or strains on the interconnection as- 
sembly which could cause misalignment of the optical 
fiber ends relative to the optical waveguide ends. 30 

A first preferred enclosure of a related invention in- 
cludes strain relief boots formed of a flexible yet resilient 
substance, through which are threaded respective opti- 
cal fibers of associated optical fiber arrays. The strain 
relief boots are slid over respective ends of the protec- 35 
tive tube and held in position at the end of the tube due 
to the elasticity of the strain relief boots which are pref- 
erably formed from a polymer material such as polyvinyl 
chloride (PVC). An overmolding of a plastic material 
such as PVC is then formed over the protective tube and 40 
strain relief boots by for example, dipping the tube and 
strain relief boots into molten PVC. When cooled after 
removal from the molten PVC, the PVC overmolding so- 
lidifies and protects the interconnection assembly. 

A second preferred enclosure of a related invention 45 
uses a protective housing, preferably in the form of a 
stainless steel tube with an inner surface conforming to 
the outer surface of the protective tube, that can be 
threaded over the optical fibers of one of the optical fiber 
arrays. Adhesive is applied to the protective tube and so 
the housing is slid over the protective tube and posi- 
tioned. The adhesive is then cured to fix the protective 
housing to the protective tube. The first preferred enclo- 
sure also includes strain relief boots through which are 
threaded respective optical fibers of associated optical ss 
fiber arrays and which slide over respective ends of the 
protective tube. As previously explained, the strain relief 
boots prevent their respective optical fibers from being 



bent to an extreme degree that could damage the optical 
fibers. 

In the methods for making an optical fiber array in 
this invention, because the first and second parts of 
each optical fiber array are selected and formed from 
materials that have substantially similar thermal coeffi- 
cients of expansion, the optical fiber array is not signif- 
icantly adversely affected by subjection to different tem- 
peratures and/or humidity conditions than existing when 
the optical fiber array is manufactured that could cause 
the adhesive holding the first and second parts together 
to lose bonding strength. This feature of the methods of 
this invention maintains alignment and spacing of opti- 
cal fiber end portions so that the optical fiber ends can 
be held in alignment with corresponding optical 
waveguide ends in an OIC assembly. 

These together with other objects and advantages, 
which will become subsequently apparent, reside in the 
details of construction and operation as more fully here- 
inafter described and claimed, reference being made to 
the accompanying drawings, forming a part hereof, 
wherein like numerals refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be better understood 
with reference to the following drawings. The drawings 
are not necessarily to scale, emphasis instead being 
placed upon clearly illustrating principles of the present 
invention. 

Fig. 1 is a top plan view of a substrate with optical 
integrated circuits (OICs) of a related invention; 

Fig. 2 is a side view of a procedure for adhering a 
protective plate to the substrate in a related inven- 
tion; 

Fig. 3 is a side view of a procedure for curing an 
ultraviolet-curable adhesive to hold the protective 
plate and substrate together in a related invention; 

Fig. 4 is a side view of an optical fiber array made 
by one of the methods of this invention; 

Figs. 5A-5B are cross-sectional views of a first pre- 
ferred method for making an optical fiber array in 
accordance with this invention; 

Figs. 6A-6F are cross-sectional views of a second 
preferred method for making an optical fiber array 
in accordance with this invention; 

Figs. 7A-7C are cross-sectional views of a third pre- 
ferred method for making an optical fiber array in 
accordance with this invention; 

Figs. 8A-8E are cross-sectional views of a fourth 
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preferred method for making an optical fiber array 
in accordance with this invention; 

Fig. 9 is a side view of a method for joining optical 
fiber arrays to respective ends of an OIC assembly $ 
in a related invention; 

Fig. 10 is a cross-sectional view of a step for align- 
ing optical fiber ends in an optical fiber array to op- 
tical waveguides of an OIC assembly in a related 
invention; 

Fig. 11 is a cross-sectional view of the optical fiber 
ends of the optical fiber array aligned to the optical 
waveguide ends of the OIC assembly in a related 
invention; 

Fig. 12 is a side view of an interconnection assem- 
bly including an OIC assembly and two optical fiber 
arrays in a related invention; 

Fig. 1 3 is a block diagram and side view of an ap- 
paratus for aligning the optical waveguide ends of 
the OIC assembly with the optical fiber ends of the 
optical fiber arrays in a related invention; 

Fig. 1 4 is a detailed perspective view of an interface 
between an optical fiber array and an OIC assembly 
in a related invention; 

Fig. 15 is a graph of light intensity versus optical 
fiber/optical waveguide offset for scattered light and 
transmitted light at an optical fiber/optical 
waveguide interface of a related invention; 

Fig. 16 is a view of an assembly for protecting an 
interconnection assembly in a related invention; 

Fig. 17 is a cross-sectional side view of a first pre- 
ferred enclosure for protecting an interconnection 
assembly of a related invention; and 

Fig. 18 is a cross-sectional side view of a second 
preferred enclosure for protecting the interconnec- 
tion assembly of a related invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In a related invention, in Fig. 1 , a substrate 1 , pref- 
erably made from silicon, has an optical integrated cir- 
cuits (OICs) integration area 2 in which are formed a 
plurality of OICs 3 (only a few of which are specifically 
indicated in Fig. 1 ). The OICs 3 have optical waveguides 
4 (only a few of which are specifically indicated in Fig. 
1 ) which serve to transmit optical signals to and from 
respective OICs 3. The OICs 3 and their respective op- 
tical waveguides 4 can be separated from the remaining 



of the silica substrate 1 by dicing along dice lines 5. 

Preferably, before dicing, a protective plate 7 is ad- 
hered to the substrate 1 on the side of the substrate 1 
on which the OICs 3 and their respective waveguides 4 
are formed as shown in Fig. 2. Preferably, the protective 
plate 7 is made of a relatively hard substance to protect 
the OICs 3 and their respective optical waveguides 4. 
For example, the protective plate 7 can be a borosilicate 
glass (i.e., pyrex™) or silicon or other suitable material. 
Importantly, the protective plate 7 should have a thermal 
coefficient of expansion substantially similar to the sub- 
strate 1. In other words, the difference in thermal coef- 
ficients of expansion between the materials composing 
the substrate 1 and the protective plate 7 should be less 
than 2 X 10 6 cm/cm/°C and preferably much closer. For 
example, borosilicate glass has a thermal coefficient of 
expansion of 3.25 X 1 0~ 6 cm/cm/°C whereas silicon has 
a thermal coefficient of expansion of 3.24 X 10" 6 cm/cm/ 
°C for a difference in thermal coefficient values of about 
10 X 1 0' 9 cm/cm/°C. In contrast, the prbr art optical fiber 
array previously described in this document uses silica- 
glass frames with thermal coefficients of expansion of . 
55 X 10- 6 cm/cm/°C for silica and about 3.25 X 10 6 cm/ 
cm/°C for glass for a difference in thermal coefficient of 
expansion values of about 2.7 X 10* 6 cm/cm/°C, a rela- 
tively large difference in thermal coefficient of expansion 
values which can destroy adhesive bonds used to form 
the optical fiber array when the optical fiber array of the 
prior art device is subjected to temperatures and/or hu- 
midity conditions different from those in which the prior 
art device was fabricated. This invention reduces or 
eliminates the destruction of adhesive bonds by select- 
ing materials with substantially similar thermal coeffi- 
cients of expansion to form the substrate 1 and the pro- 
tective plate 7. 

As shown in Fig. 2, an adhesive 8 is applied to an 
opposing surface of either the protective plate 7 of the 
substrate 1 , and the protective plate 7 is joined together 
with the substrate 1 using the adhesive layer 8 which 
forms a relatively thin layer when squeezed between the 
substrate 1 and the protective plate 7 as shown in Fig. 
3. Preferably, the adhesive 8 is an ultraviolet (UV)-cur- 
able adhesive in which case the protective plate 7 
should be made of a material which is transparent to UV 
light, such as borosilicate glass. In Fig. 3, U V light 9 is 
generated from a UV light source and passes through 
the protective plate 7 to irradiate the adhesive 8. The 
adhesive 8 is thus cured and holds the protective plate 
7 and the substrate I together. Alternatively, the adhe- 
sive 8 can be a thermally- or room-temperature-curable 
adhesive in which case the protective plate 7 can be 
made of a material which is not transparent to UV light. 
Thesubstrate 1 and the protective plate 7 are then diced 
to separate the OICs 3 into separate OIC assemblies. 

To couple the ends of the optical waveguides 4 of 
an OIC assembly to respective ends of a plurality of op- 
tical fibers, the ends of the optical fibers are housed in 
an optical fiber array 10, as shown in Fig. 4. The optical 
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fiber array 10 receives end portions of a plurality of op- 
tical fibers 11. In the preferred methods for making an 
optical fiber array 10 of this invention, the end portions 
of the optical fibers 11 are stripped ol their protective 
covers using an acid or by mechanical stripping, for ex- 
ample. The end portions of the optical fibers 11 are 
sandwiched between a first part 12 and a second part 
13 preferably held together with an adhesive. Prefera- 
bly, the opposing surfaces of the first and second parts 
12, 13 are stepped at one end of the optical fiber array 

10 by grinding or polishing, for example, to receive a 
portion of the optical fibers 11 with unstripped protective 
coverings to prevent breakage of stripped optical fibers 

11 against the edges of the first and second parts 12, 
13 that could otherwise occur if stripped optical fibers 
1 1 were coupled to this end of the optical fiber array 10. 
The ends 1 1 a of the optical fibers 1 1 are exposed at the 
other end of the optical fiber array 10 as shown in Fig. 
4. Importantly, the first and second parts 12, 13 should 
be made of respective materials with substantially sim- 
ilar thermal coefficients of expansion either with the 
same material or different materials such as silicon and 
borosilicate glass, which have substantially similar co- 
efficients of expansion, as previously explained with re- 
spect to the substrate 1 and the protective plate 7. The 
use of borosilicate glass for one of the first and second 
parts 1 2, 1 3 allows for U V-curable adhesives to be used 
because borosilicate glass is transparent to UV light. 
Because U V-curable adhesives are relatively easy to 
use because they do not cure until UV light is irradiated 
on them, the first and second parts 12, 1 3 can be posi- 
tioned relative to each other without the UV-curable ad- 
hesive setting before proper positioning of the first and 
second parts 12, 13 is accomplished. Also, alignment 
grooves can readily be formed in silicon to aid in proper 
positioning of the optical fibers using photolithography 
and/or etching or selective deposition techniques. 
Therefore, the use of borosilicate glass to form one of 
the first and second parts 12, 13 and the use of silicon 
to form the other of the first and second parts 12, 13, 
provides significant advantages relative to prior art op- 
tical fiber arrays. In accordance with this invention, four 
methods for making an optical fiber array 10 are de- 
scribed below. 

Figs. 5A and SB are cross-sectional diagrams of a 
method for forming an optical fiber array 10. In Fig. 5 A, 
the first and second parts 12, 13 are selected and 
formed from respective materials such as silicon, ce- 
ramic or borosilicate glass (i.e., pyrex™) which have the 
same or substantially similar thermal coefficients of ex- 
pansion. The first and second parts 12, 13 have corre- 
sponding spaced, parallel alignment grooves 14, pref- 
erably spaced at 250 micron intervals to conform to in- 
dustry standard optical fiber spacings, which can be 
readily formed using photolithography and/or etching or 
selective deposition techniques if the first and second 
parts 12, 1 3 are made of silicon. However, the first and 
second parts 12, 13 can be formed of other materials 



such as borosilicate glass in which the alignment 
grooves 14 can be formed by selective deposition of 
borosilicate glass or by mechanical etching using a dia- 
mond scribe, for example. The ends 1 1 a of the optical 
5 fibers 1 1 are exposed at one end of the optical fiber array 

10, as shown in Fig. 4. Importantly, the first and second 
parts 1 2, 13 should be selected and formed from mate- 
rials with substantially similar thermal coefficients of ex- 
pansion either with the same material or different mate- 

io rials such as silicon and borosilicate glass which are 
substantially similar in thermal coefficients of expansion 
as previously explained with respect to the substrate 1 
and the protective plate 7. The first and second parts 
12,13 serve to hold the end portions of the optical fibers 

is 11 in a laterally spaced, parallel relationship. The first 
and second parts 12, 13 also serve to protect the end 
portions of the optical fibers 11 and also are preferably 
sufficiently large to allow the optical fiber array 1 0 to be 
gripped either between fingers or in a microposftioner 

20 used to align the optical fiber ends 11a with respective 
ends of the optical waveguides 4 of an OIC 3 housed in 
an OIC assembly. The optical fiber array 10, and accord- 
ingly the first and second parts 12, 13, should be suffi- 
ciently large in length and width to provide a relatively 

2S strong adhesive bond when the first and second parts 
12, 13 are joined together The optical fiber array 10, 
and hence the first and second parts 12, 13, should also 
be sufficiently wide to house the end portions of the op- 
tical fibers 11 spaced at intervals, for example, of 250 

30 microns, and sufficiently large in height so that the end 
surface of the optical fiber array 10 at which the optical 
fiber ends 11a are exposed, provides a surface suffi- 
ciently large to allow for a relatively good adhesive bond 
to be formed when the optical fiber array 1 0 is adhered 

3S to an OIC assembly. For example, the optical fiber array 
10 can have a length of about one centimeter, a width 
of about four millimeters to house twelve optical fibers 

1 1 , and a height of from two to four centimeters. In other 
words, the first and second parts 12, 13 should each be 

40 about one centimeter in length, about four millimeters 
wide and about one to two millimeters in height. Of 
course, other dimensions for the optical fiber array 10 
and/or numbers of optical fibers 11 can be used without 
departing from the scope of this invention. Preferably, 

45 the alignment grooves 1 4 have angled sides which tend 
to center the end portions of the optical fibers 11 in the 
alignment grooves 14. A layer of adhesive 15 is applied 
to a surface of one of the first and second parts 12, 13, 
and the end portions of the optical fibers 11 are posi- 

so tioned in respective alignment grooves 1 4 of one of the 
first and second parts 12, 1 3. When the first and second 
parts 12, 13 are joined together, the end portions of the 
optical fibers 11 are held between corresponding align- 
ment grooves 1 4 of the first and second parts 1 2, 1 3 and 
the adhesive 1 5 contacts the first and second parts 12, 
13 and the end portions of the optica! fibers 11 . The ad- 
hesive 15 is then cured to form the optical fiber array 10 
as shown in Fig. 5B. If at least one of the first and second 
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parts 12, 13 is transparent to UV light, the adhesive 15 
can be a UV curable adhesive cured by application of 
UV-curable light. Alternatively, the adhesive 15 can be 
a thermally-cured or a room-temperature-cured variety 
of adhesive in which case the adhesive 15 is cured by 
the application of heat with an appropriate temperature. 

Figs. 6A - 6F are diagrams of a second preferred 
method of this invention for making an optical fiber array 
10. In Fig. 6A, a mold release substance 16 such as Te- 
flon™ is applied to an alignment member 17 for aligning 
the end portions of the optical fibers 11. The alignment 
member 17 can be made from ceramic, silicon, glass or 
other material and has highly precise alignment grooves 

14 formed by etching or mechanical cutting of the align- 
ment member 1 7. An alignment member 1 7 of a ceramic 
variety is commercially available from NGK-Locke of 
Nagoya, Japan. Preferably, the alignment grooves 14 
are formed at 250 micron intervals and thus conform to 
industry-standard spacings of the optical fibers 11. In 
Fig. 6B, end portions of the optical fibers 1 1 are posi- 
tioned in respective alignment grpoves 14 and an adhe- 
sive layer 15 is applied to the surface of the alignment 
member 17 and the end portions of the optical fibers 11 
as shown in Fig. 6B, or is applied to the opposing surface 
of the first part 12. The first part 12, preferably formed 
of a material transparent to UV light such as borosilicate 
glass, is brought together with the alignment member 
17 so that the adhesive 15 is squeezed out to form a 
relatively thin layer between the alignment member 17 
and the first part 12. In Fig. 6C, UV light is generated 
from a source and passes through the first part 12 to 
irradiate the adhesive 15. Alternatively, if the alignment 
member 17 is formed from a material transparent to UV 
light, the first part 12 need not be made of a material 
transparent to UV light because the UV light can be ir- 
radiated on the adhesive 15 through the alignment 
member 17 in this case. The irradiation of the adhesive 

1 5 causes the adhesive 1 5 to cure and hold the end por- 
tions of the optical fiber 1 1 in the spaced, parallel rela- 
tionship defined by the alignment grooves 14. The end 
portions of the optical fibers 11 are thus adhered to the 
first part 12. Alternatively, the adhesive 15 can be of a 
thermally-cured or room-temperature-cured variety 
cured by application of a suitable temperature in which 
case the first part 12 and the alignment member 17 can 
be made of materials that are not transparent to U V light. 
In Fig. 6D, the first part 12 with attached end portions of 
the optical fibers 11 is pulled away and separated from 
the alignment member 17. Due to the application of the 
mold release substance 1 6, the adhesive layer 1 5 and 
the end portions of the optical fibers 11 do not adhere 
to the alignment member 17 and thus are readily pulled 
away from the alignment member 17. In Fig. 6E, the first 
part 12 is positioned to oppose a surface of the second 
part 1 3 to which an uncured adhesive layer 1 5 is applied. 
Importantly, the first and second parts 1 2, 1 3 are select- 
ed to be materials with the same or substantially similar 
thermal coefficients of expansion for reasons previously 



explained. The first and second parts 12, 13 can be 
formed with appropriate dimensions by grinding or cut- 
ting respective larger pieces of materials, or by molding 
the first and second parts 12,13 with appropriate dimen- 

s sions. The first and second parts 12,13 are brought to- 
gether so that the adhesive 15 and the end portions of 
the optical fibers 11 attached to the first part 12, make 
contact with the adhesive 1 5 applied to the second part 
13. Preferably, the second part 13 is made of a sub- 
to stance transparent to UV light. In Fig 6F, the uncured 
adhesive 15 is irradiated with UV light generated from 
a UV light source, to cure the adhesive 1 5. Alternatively, 
the second part 13 can be formed of a material opaque 
to UV light, in which case the UV light can be shined 

15 through the first part 12 to cure the adhesive 15. The 
resulting configuration of the optical fiber array 10 is 
shown in Fig. 6F. 

Figs. 7A through 7C are diagrams of a method for 
making an optical fiber array 10 in accordance with a 

20 third preferred method of this invention. In Fig. 7A, end 
portions of the optical fibers 11 are postioned in respec- 
tive alignment grooves 14 of the second part 1 3. Adhe- 
sive 1 5 is then applied to the end portions of the optical 
fibers 11 and exposed surfaces of the second part 13, 

25 or on a compliant layer 18 formed on the first part 12. 
The first part 1 2 with the compliant layer 18 formed ther- 
eon is then joined with the second part 1 3 so that the 
compliant layer 1 8 contacts the adhesive 1 5 and the end 
portions of the optical fibers 11. The compliant layer 18 

30 can be a relatively thin layer of polymer material such 
as polyester tape, an ethyl acetate coating or thin-film 
plasma deposition provided by Polar Materials, Inc. of 
Martins Creek, Pennsylvania. The compliant layer-18 is 
pliant and thus conforms to the outer surfaces of the end 

35 portions of the optical fibers 1 1 . Because the optical fib- 
ers 11 often have differing dimensions, the compliant 
layer 18 conforms to the shape of the end portions of 
the optical fibers 11 , as shown in Fig. 7B, when the first 
and second parts 12, 13 are brought together. The ad- 

40 hesive 1 5 thus contacts the compliant layer 1 8, the end 
portions of the optical fibers 1 1 and the second part 1 3. 
If the adhesive 15 is a UV curable type, UV light is irra- 
diated from a source to cure the adhesive 1 5, as shown 
in Fig. 7C. Preferably, the first part 1 2 and the compliant 

45 layer 18 are transparent to UV light because the align- 
ment grooves are more readily formed by etching, for 
example, if the second part 1 3 is made of a material such 
as silicon which is relatively opaque to UV light. Impor- 
tantly, the first and second parts 1 2, 1 3 are selected and 

so formed from respective materials that have substantially 
similar thermal coefficients of expansion which reduce 
stresses and strains upon the adhesive layer 15 when 
the optical fiber array 10 is subjected to temperatures 
different from those existing at the time the optical fiber 

55 array 10 is manufactured. Therefore, by selecting ma- 
terials with similar coefficients of expansion to form the 
first and second parts 12, 13, the bonding strength of 
the adhesive layer 15 remains relatively strong even if 
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the optical fiber array 10 is subjected to temperatures cal array to form optical fiber ends 11a substantially flush 
which vary greatly from those existing when the optical with the end face of the optical fiber array 10. Alterna- 
fiber array 10 is manufactured. tively, the loose ends of the optical fibers 11 can be re- 
Figs. 8A-8E are diagrams showing a fourth pre- moved by polishing the end face of the optical fiber array 
ferred method for making the optical fiber array 10 in 5 10. 

accordance with this invention. In Fig. 8A, the end por- Fig. 9 shows the assembly of an OIC assembly 19 

tions of optical fibers 11 are postioned in respective with optical fiber arrays 10 preferably formed according 

spaced, parallel alignment grooves 14 of two spaced to one of the methods of Figs. 5A-5B, Figs. 6A-6F, Figs, 

alignment members 17. Preferably, the alignment 7A-7C or Figs. 8A-8E. Preferably, the OIC assembly 19 

grooves 1 4 are linear and spaced at 250 micron inter- 10 \ s formed or polished, for example, so that it has a thick- 

vals to conform to industry standard optical fiber spac- ness or height less than the thickness of the optical fiber 

ings. The two alignment members 17 are included in a arrays 10. Although the OIC assembly 19 of Fig. 9 is of 

commercially available part included in the Fujikura a type in which the optical fiber arrays 10 are to be cou- 

FSM20 arc fusion splicer made by Alcoa Fujikura Ltd. pled to optical waveguides on opposing sides of the OIC 

of Duncan, South Carolina, a machine which is used in is 3 of the OIC assembly 19, a single optical fiber array 10 

arc-fusion splicing of optical fibers, a technology which can be coupled to only one end of the OIC assembly 1 9, 

is not relevant to this invention. The alignment members depending upon the nature of the OIC 3. Before joining 

17 used in the Fujikura FSM20 arc fusion splicer are the OIC assembly 19 with respective optical fiber arrays 

manufactured by NGK-Locke of Nagoya, Japan. A sec- 10, the ends of the optical fiber assemblies 19 are pol- 

ond part 13 with an adhesive 15 applied to its surface, 20 j s hed at an angle 6 relative to a direction normal to a 

is positioned between the alignment members 17 at an major surface of the protective plate 7 or the substrate 

elevation below the end portions of the optical fibers 11 . 1 . The angle 8 is greater than 6°, and preferably about 

The second part 13 is brought upwardly in a direction 12°, and serves to minimize reflection of optical signals 

out of the plane of the sheet of Fig. 8A so that the ad- from the interfaces between the OIC assembly 19 and 

hesive 1 5 applied to the surface of the second part 1 3, 2s the optical fiber arrays 1 0. The ends of the optical fiber 

contacts the end portions of the optical fibers 11. Fig. arrays 10 are polished at an angle 9 corresponding to 

8B is a cross-sectional diagram showing the action of respective ends of the OIC assembly 19. 

bringing the adhesive 1 5 on the second part 1 3, into con- An adhesive 20 is then applied to respective ends 

tact with the end portions of the aligned optical fibers 11 . of one or both of the respective ends of the OIC assem- 

In Fig. 8C, the adhesive 15 is cured so that the op- 30 bly 19 and the optical fiber arrays 10, and the optical 

tical fibers 11 are held in a spaced, parallel relationship fiber arrays 10 are brought into contact with respective 

on the surface of the second part 13. If the adhesive 15 surfaces of the ends of the OIC assembly 19. 1 mportant- 

is UV-curable adhesive, UV light from a UV light source ly, the first and second parts 1 2, 1 3 of each optical fiber 

is irradiated on the adhesive 15. Alternatively, if the ad- array 10 are selected so that they have substantially 

hesive 15 is a room-temperature- or thermally-curable 35 similar thermal coefficients of expansion relative to 

substance, the adhesive 15 is subjected to an appropri- those of the substrate 1 and the protective plate 17 of 

ate temperature to set the adhesive 15. the OIC assemblies 19. This feature of this invention 

In Fig. 8D r adhesive 1 5 is applied to a surface of at prevents significant stresses and strains that would ad- 
least one of the first and second parts 12, 13 and the versely affect the bonding strength of the adhesive 20 
first part 1 2 is joined together with the second part 1 3. 40 from forming when the OIC assembly 1 9 and the optical 
Significantly, the first and second parts 12, 13 are se- fiberarrays 10 are subjected to temperatures and/or hu- 
lected and formed from respective materials that have midity conditions different from those under which the 
substantially similar thermal coefficients of expansion OIC assembly 19 and optical fiber arrays 10areassem- 
either with the same or different materials (such as boro- bled together. 

silicate glass and silicon), for reasons previously ex- 4s Preferably, the ends 4a of the optical waveguides 4 
plained in this document. The uncured portion of the ad- coupled to the OIC assembly 19 are aligned with the 
hesive layer 15 is then cured by the application of UV ends 11a of the optical fibers 11 exposed in the end of 
light or a temperature appropriate to set the adhesive the optical fiber array 10, using methods and apparatus- 
15, depending upon the type of adhesive 15 used. If a es of a related invention shown in Figs. 10-14. The OIC 
U V curable adhesive 1 5 is used, at least one of the first so assembly 1 9 and an optical fiber array 1 0 are mounted 
and second parts 1 2 S 1 3 should be of a substance which on respective micropositioners. The end of the OIC as- 
is transparent to UV light, such as borosilicate glass (L sembly 19 is then brought into close proximity with the 
e., pyrex™). enc j of the optical fiber array 10 using the microposition- 
After the adhesive 1 5 has been cured, the resulting ers to form an opticla fiber/adhesive/optical waveguide 
optical fiber array 10 is as shown in Fig. 8E. If desired, ss interface in ehich the adhesive 20 contacts the ends of 
the ends of the optical fibers 11 extending from the op- the optical fiber array 10 and the OIC assembly 19. Light 
tical fiber array 1 0 can be cut away from the optical fiber is generated from a source, preferably a laser, and sup- 
array 10 in preparation for polishing the end of the opti- plied to a selected optical fiber 11 toward one sode of 
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the optical fiber array 10. By manipulating the micropo- 
sitioners, an optical waveguide 4 toward one side of the 
spaced, parallel optical waveguides 4 coupled to an OIC 
3, is aligned with the corresponding optical fiber 11 by 
monitoring the transmission throughput of the light sig- 
nal transmitted through the optical fiber end/adhesive/ 
optical waveguide end interface, or preferably, by mon- 
itoring the light scattered from the optical fiber/adhesive/ 
optical waveguide interface in accordance with a meth- 
od and apparatus of a related invention. Using the mi- 
cropositioners, the array of optical fiber ends 11a is ro- 
tated relative to the ends 4a of the optical waveguides 
4 using the aligned optical fiber end 11a and optical 
waveguide end 4a as a pivot axis as shown in Fig. 10. 
When the transmission throughput from the other optical 
fibers is a maximum or light scattered from the optical 
fiber/adhesive/optical waveguide interface is a mini- 
mum in the related invention, the optical fiber ends 11a 
are aligned with respective optical waveguide ends 4a, 
as shown in Fig. 11. The adhesive 20 is then cured to 
fix the ends 4a of the optical waveguides 4 relative to 
the ends 11a of the optical fibers 11 . Preferably, the ad- 
hesive 20 is UV-curable adhesive which is cured upon 
application of UV light from a U V light source. Alterna- 
tively, the adhesive 20 can be a thermally-cured adhe- 
sive in which case the ends 4a of the optical waveguides 
4 are fixed relative to the ends 11a of the optical fibers 
11 by the application of a temperature suitable to cure 
the adhesive 20. The procedure described above with 
respect to Figs. 10 and 11 is then repeated for the re- 
maining end of the OIC assembly 1 9 and the end of its 
respective optical fiber array 10. The resulting intercon- 
nection assembly 21 is shown in Fig. 12. 

An apparatus of a related invention for aligning the 
optical fibers 11 in the optical fiber arrays 10 to the op- 
tical waveguides 4 of the OIC assembly 19, is shown in 
Fig. 13. Adhesive 20, preferably a UV-curable variety, is 
applied to one or both ends of the OIC assembly 1 9 and/ 
or the opposing ends of respective optical fiber arrays 

1 0. In Fig. 1 3, the OIC assembly 1 9 and the optical fiber 
arrays 10 are mounted in respective micropositioners 
22, 23 and 24. The micropositioners 22, 23 and 24 can 
be devices such as those commercially available from 
Melles-Griot, Inc. of Cambridge, England. Preferably, 
the micropositioner 22 is a roll-stage capable of rotating 
about a horizontal axis extending from the left-hand to 
right-hand side of Fig. 1 3 or, in other words, an axis par- 
allel with the length of the OIC assembly 19 in Fig. 13. 
The micropositioners 23, 24 are preferably x-y-z stages 
capable of finely positioning respective optical fiber ar- 
rays 10 in three dimensions. A laser source 25 is cou- 
pled to the ends of the optical fibers 11 and can selec- 
tively generate laser light in any selected optical fiber 

11. The laser source 25 intensity-modulates the laser 
light at a predetermined frequency and generates an 
electric signal indicative of the modulation frequency of 
the laser light. The laser source 25 is coupled to provide 
the electric signal indicating the modulation frequency 



of the laser light, to the lock-in amplifier 26. The laser 
light generated by the laser source 25 passes through 
a selected optical fiber 11 to the optical fiber/adhesive/ 
optical waveguide interface between the optical fiber ar- 

s ray 1 0 nearest in terms of the optical transmission path 
to the laser source 25, and the end of the OIC assembly 
19 in contact with the optical fiber array 10 nearest to 
the laser source 25. Laser light scattered from the opti- 
cal fiber/adhesive/optical waveguide inte -face is detect- 

io ed by a light detector 27 arranged in proximity to the 
optical fiber/adhesrve/optical fiber interface, and sup- 
plied to the lock-in amplifier 26 via the switch 28 which 
is set by an operator to supply the light signal generated 
by the light detector 27 to the lock-in amplifier 26. Pref- 

15 erably, the laser source 25 modulates laser light at a fre- 
quency which is not significantly present in room light, 
for example, at a frequency of 2 kHz. The lock-in ampli- 
fier 26 receives the signal indicative of the modulation 
frequency generated by the laser source 25, and uses 

20 this signal to detect only light generated at the frequency 
of the laser light generated by the laser source 25. 
Based on the amount of laser light scattered from the 
optical fiber/adhesive/optical waveguide interface de- 
tected by the light detector 27, the lock-in amplifier 26 

2S generates a display 26a indicative of the amplitude of 
the scattered light. By manipulating the micropositioner 
23 until the light scattered from the optical fiber/adhe- 
sive/optical waveguide interface is a minimum, the se- 
lected optical fiber 11 can be aligned with a respective 

30 optical waveguide 4. The micropositioner 22 is then ma- 
nipulated by rotating the roll-stage of the micropositioner 
22 until the light scattered by the optical fiber/adhesive/ 
optical waveguide interface is a minimum. The switch 
28 is then switched to supply the light signal generated 

35 by a light rietector 29 arranged in proximity to the optical 
f iber/adhtrsive/optical waveguide interface furthest from 
the laser source 25 in terms of optical transmission path, 
to the lock-in amplifier 26. The alignment method de- 
scribed above is repeated for the optical waveguide/ad- 

40 hesive/optical fiber interface furthest in terms of optical 
transmission path from the laser source 25. After the op- 
tical fiber arrays 10 and the OIC assembly 19 are 
aligned, the adhesive 20 is irradiated with UV light to 
cure the adhesive. A light detector 30 can detect and 

45 generate a signal indicative of the intensity of laser light 
transmitted through the interconnection assembly 21 . A 
power meter 31 coupled to the light detector 30, can be 
used to determine and display the intensity of the laser 
light transmitted through the interconnection assembly 

so 21 . By comparing the intensity of the laser light gener- 
ated by the laser source 25 with the intensity of the laser 
light received at the power meter 31 , the quality of the 
interconnection assembly 21 can be determined and in- 
dicated with a label placed on or associated with the in - 

55 terconnection assembly 21 to allow technicians or serv- 
ice persons, for example, to readily determine whether 
the interconnection assembly 21 is of a quality suitable 
for a particular application. 
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An alternative method to align the optical fibers 11 
of the optical fiber arrays 10 to the optical waveguides 
4 of the OIC assembly 1 9 (although less preferred meth- 
od for reasons that will be described with reference to 
Fig. 15) is described below. Adhesive 20 is applied to 
the ends of the OIC assembly 1 9 and/or the ends of the 
optical fiber arrays 10. The OIC assembly 19 and the 
optical fiber arrays 10 are mounted in respective micro- 
positioners 22, 23, 24. The optical fiber arrays 10 and 
the OIC assembly 19 can be aligned by monitoring the 
laser light intensity transmitted through the interconnec- 
tion assembly 21 . In this case, a light detector 30 is ar- 
ranged in proximity to the ends of the optical fibers 11 
on the opposite side of the interconnection assembly 21 
relative to the laser source 25. The micropositioners 22, 
23, 24 are manipulated until the power meter 31 , cou- 
pled to receive the laser light signal from the light detec- 
tor 30, indicates that the laser light signal generated by 
and received from the light detector 30. is maximized. 
After the interconnection assembly 21 is properly 
aligned, the adhesive 20 is irradiated with UV light to 
cure the adhesive. 

Fig. 14 is a relatively detailed perspective diagram 
of the optical fiber/adhesive/optical waveguide interface 
nearest to the laser source 25 in Fig. 1 3. Light supplied 
to a selected optical fiber 11 from the laser source 25, 
is scattered at the optical fiber/adhesive/optical 
waveguide interface between the optical fiber array 10 
and the OIC assembly 19. The intensity of the scattered 
light from the optical fiber/adhesive/optical waveguide 
interface is a measure of the relative alignment between 
the selected optical fiber 11 and its respective optical 
waveguide 4. Part of the scattered light is detected by 
the light detector 27 and supplied to the lock-in amplifier 
26 via the switch 28. Preferably, the light detector 27 as 
well as the light detector 29 are relatively large area de- 
tectors to detect the scattered light from the optical fiber/ 
optical waveguide interface because the scattered light 
can propagate in widely varying directions from the in- 
terface. 

Fig. 1 5 is a of graph of light intensity in decibels (dB) 
versus optical fiber/optical fiber offset in microns for typ- 
ical optical fibers and optical waveguides, for light scat- 
tered from an optical fiber/adhesive/optical waveguide 
interface and light transmitted through the optical fiber/ 
adhesive/optical waveguide interface. As can readily be 
seen in Fig. 15, the transmitted light has a relatively 
smoothly-varying light intensity with changes in offset 
which makes difficult the detection of offset between an 
optical fiber end 11a and an optical waveguide end 4a. 
In contrast, the scattered light has a relatively sharply- 
varying light intensity with increasing offset. Therefore, 
offsets between an optical fiber end 11a and an optical 
waveguide end 4a can more readily be detected by us- 
ing light scattered from an optical fiber/adhesive/optical 
waveguide interface as opposed to the light transmitted 
through the optical fiber/adhesive/optical waveguide in- 
terface. Therefore, because scattered light provides a 



better indication of optical fiber alignment relative to op- 
tical waveguides than transmitted light, the related in- 
vention described in this document uses the scattered 
light detected by the light detectors 27, 29 of Fig. 1 3, for 
5 example, as opposed to the light transmitted through an 
optical fiber/adhesive/optical waveguide interface de- 
tected by the light detector 30, for example. 

To protect the interconnection assembly 21 of Fig. 
12 from breakage, a protective tube 32 shown in Fig. 16 
10 is used in accordance with this invention. The protective 
tube 32 includes at least one flat inside surface, and is 
made from a material with a thermal coefficient of ex- 
pansion substantially similar to that of the first and sec- 
ond parts 1 2, 1 3 of the optical fiber arrays 1 0. Preferably, 
is the protective tube 32 is formed from a borosilicate 
glass. An adhesive 33 is applied to surfaces of the op- 
tical fiber arrays 10 and the optical fibers 11 of one of 
the optical fiber arrays 10 are inserted through the pro- 
tective tube 32. When positioned inside of the protective 
tube 32, the adhesive-applied surfaces of the optical fib- 
er arrays 10 contact the planar inner surface of the pro- 
tective tube 32. The adhesive 33 is then cured by the 
application of UV light 9 in the preferred case in which 
the adhesive 33 is UV-curable. Alternatively, if the ad- 
hesive 33 is a thermally-curable variety, the adhesive 
33 is cured by subjecting the adhesive 33 to an appro- 
priate temperature. 

The ends of the protective tube 32 are then sealed 
using sealant plugs 34. The sealant plugs 34 are pref- 
erably a silicone sealant substance that is applied inside 
of each end of the protective tube 32 about respective 
optical fibers 11 . The sealant substance composing the 
sealant plugs 34 is applied in such a manner that the 
ends of the protective tube 32 are completely sealed 
with respective optical fibers 1 1 extending from the ends 
of the protective tube 32. However, the sealant plugs 34 
do not contact the optical fiber arrays 10 to prevent 
stresses or strains that could otherwise cause misalign- 
ment of the optical fibers relative to the optical 
waveguides when the assembly of Fig. 16 is subjected 
to temperatures and/or humidity conditions different 
from those existing during manufacture of the assembly 
of Fig. 16. 

In accordance with a first preferred enclosure of a 
related invention, in Fig. 17, strain relief boots 35 are 
threaded over the optical fibers 11 of each end of the 
assembly of Fig. 16. The strain relief boots 35 are pref- 
erably formed from a plastic material such as polyvinyl 
chloride (PVC) or rubber, and define respective hollow 
spaces. The strain relief boots 35 are configured to 
snugly fit over the ends of the protective tube 21 and 
have a taper which defines a relatively small aperture 
25 through which the optical fibers 11 protrude. At the 
aperture 36, the optical fibers 11 are strictly confined by 
a respective stress relief boot 35. The stress relief boots 
35 serve to prevent the optical fibers 11 from being bent 
to the point breaking by limiting the freedom of move- 
ment of the optical fibers 11 . An overmolding 37 is then 
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formed on the protective tube 21. The overmolding 37 
can be formed by dipping the protective tube 21 with 
attached strain relief boots 35 in a molten plastic mate- 
rial and allowing the plastic material to harden. 

Fig. 18 is a second preferred enclosure for the as- 
sembly of Fig. 16, in accordance with a related inven- 
tion. In Fig. 18 adhesive is applied to outside surfaces 
of the protective tube 32. A protective housing 38 with 
an inner surface conforming to the outer surface of the 
protective tube 21 , is threaded over the optical fibers 11 
of one end of the assembly of Fig. 16, and slid over the 
protective tube 21. The adhesive is then cured to hold 
the protective tube 32 and the protective housing 38 to- 
gether. Strain relief boots 24 are then threaded on re- 
spective optical fibers 11 and slid over respective ends 
of the protective tube 21. 

In operation, the assemblies of Fig. 17 or Fig. 18 
are coupled between predetermined devices, depend- 
ing upon the type of OIC 3 housed in the assemblies of 
Fig. 17 or Fig. 18. For example, if the OIC 3 is a WDM, 
dense wavelength division multiplexer (DWDM) or other 
multiplexer or switch, the assemblies of Fig. 17 or Fig. 
18 can be coupled in or between optical data transmis- 
sion switching networks and a telephone, computer or 
other network, to perform switching of optical signals. If 
the OIC 3isa1 XNorNXN splitter or taps, an optical 
signal separated by the 1 X N or N X N splitter or taps 
can be provided to a monitoring apparatus to monitor 
the quality of signal transmission on a particular optical 
fiber or channel carried by the optical fiber, without in- 
terrupting the optical signal transmission or can split an 
optical signal to be provided to several different desti- 
nations such as networks, telephones, computers, and/ 
or homes. In addition, the OIC 3 can be a filter to elimi- 
nate noise components of an optical signal. Further, the 
OIC 3 can include a combination of the optical devices 
mentioned above. 

This invention provides significant advantages rel- 
ative to prior art methods for making optical fiber arrays. 
Importantly, the first and second parts 12, 1 3 of the op- 
tical fiber array 10 are selected and formed from mate- 
rials with substantially smilar thermal coefficients of ex- 
pansion, features of this invention which maintain the 
spacing and alignment of the optical fibers relative to the 
optical waveguides of an OIC assembly, and also main- 
tain the integrity of the optical fiber array so that it can 
effectively protect the stripped end portions of the optical 
fibers 11. In addition, if one of the first and second parts 
12, 13 is formed from silicon and the other is formed 
from a material transparent to UV light such as borosil- 
icate glass, a UV-curable adhesive can be used so that 
the first and second parts 12, 13 can be positioned rel- 
ative to each other without the adhesive curing before 
proper positioning of the first and second parts 12, 13 
and the end portions of the optical fibers 1 1 , is ach ieved. 
Further, the use of the compliant layer 18 in the third 
method of this invention allows for optical fibers 11 with 
varying dimensions to be used in the optical fiber array 



10. This feature allows relatively inexpensive optical fib- 
ers 11 with relatively large dimensional tolerances to be 
used in the optical fiber array 10. Further, the second 
and fourth methods of this invention elminate the ex- 

5 pense associated with forming alignment grooves 1 4 on 
either of the first and second parts 12, 13, a procedure 
which must be repeatedly performed for mass-produc- 
tion of the first and second parts 12, 13, and yet accu- 
rately positions and spaces the end portions of the op- 

10 tical fibers 11. 

Although the invention has been described with 
specific illustrations and embodiments, it will be clear to 
those of ordinary skill in the art that various modifications 
may be made therein without departing from the scope 

is of the invention as outlined in the following claims. 



Claims 

20 1 . A method for making an optical fiber array, compris- 
ing the steps of: 

a) selecting first and second materials having 
substantially similar thermal coefficients of ex- 

25 pansion to form first and second parts* respec- 

tively; 

b) forming the first part; 

30 c) forming the second part; 

d) applying adhesive to one of the first and sec- 
ond parts; 

35 e) positioning optical fibers in proximity to one 

of the first and second parts; 

f) joining the first and second parts so that the 
adhesive contacts the optical fibers between 

40 the first and second parts; and 

g) curing the adhesive applied in said step (d) 
to hold the first and second parts together. 



45 2. A method as claimed in claim 1 , further comprising 
the step of: 

h) forming alignment grooves in at least one 
of the first and second parts in which the optical fib- 
ers are positioned in said step (e). 

so 

3. A method as claimed in claim 2, wherein the align- 
ment grooves are formed with angled surfaces 
tending to center the optical fibers in the alignment 
grooves. 

55 

4. A method as claimed in claim 1 , further comprising 
the step of 

h) forming a compliant layer on the first part 
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which contacts and conforms to outer surfaces of 
the optical fibers when the first and second parts 
are joined in said step (f ). 

5. A method as claimed in claim 1 , further comprising 
the step of: 

h) positioning the optical fibers in respective 
alignment grooves of at least one alignment mem- 
ber before performing said step (f). 

6. A method as claimed in claim 1 , further comprising 
the steps of: 

h) stripping protective coverings from end por- 
tions of the first and second parts; and 

i) forming first and second opposing recessed 
surfaces on the first and second parts, respec- 
tively, to receive a portion of the optical fibers 
with protective coverings. 

7. A method for making an optical fiber array, compris- 
ing the steps of: 

a) selecting first and second members having 
substantially similar thermal coefficients of ex- 
pansion to form first and second parts, respec- 
tively; 

b) forming the first part; 

c) forming the second part; 

d) forming alignment grooves in the first part; 

e) forming alignment grooves in the second part 
corresponding to the alignment grooves in the 
first part; 

f) positioning optical fibers in respective align- 
ment grooves of one of the first and second 
parts; 

g) applying adhesive to at least one of the first 
and second parts; 

h) joining the first and second parts so that the 
optical fibers are situated between correspond- 
ing alignment grooves of the first and second 
parts and so that the adhesive contacts the first 
and second parts and the optical fibers; and 

i) curing the adhesive applied in said step (g). 

8. A method as claimed in claim 7, wherein the first 
and second parts are composed of silicon and the 
adhesive is cured in said step (g) by application of 
heat of a predetermined temperature. 



9. A method for making an optical fiber array, compris- 
ing the steps of: 

a) selecting first and second materials having 
substantially similar thermal coefficients of ex- 
pansion; 

b) forming the first part; 

c) forming the second part; 

d) applying a mold release substance to an 
alignment member having alignment grooves; 

e) positioning optical fibers in respective align- 
ment grooves of the alignment member; 

f) applying adhesive to one of the first part and 
the alignment member; 

g) joining the first part and the alignment mem- 
ber so that the optical fibers are situated be- 
tween the first part and the alignment member 
and the adhesive applied in said step (f) is in 
contact with at least the optical fibers and the 
first part; 

h) curing the adhesive applied in said step (f); 

i) separating the first part with the adhered op- 
tical fibers from the alignment member; 

j) applying adhesive to one of the cured adhe- 
sive on the first part and the second part; 

k) joining the first and second parts so that the 
optical fibers are between the first and second 
parts, and the adhesive applied in said step (j) 
contacts the adhesive applied in said step (h) 
and the second part; and 

I) curing the adhesive applied in said step (j). 

10. A method as claimed in claim 9, wherein at least 
one of the first and second parts is transparent to 
ultraviolet (UV) light, and wherein the adhesive is 
cured in said step (i) by irradiating the adhesive with 
UV light through at least one of the first and second 
parts. 

11 . A method for making an optical fiber array, compris- 
ing the steps of: 

a) selecting first and second materials having 
substantially similar thermal coefficients of ex- 
pansion to form first and second parts, respec- 
tively; 
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b) forming the first part; 

c) forming the second part; 

d) forming a compliant layer on the first part; s 

e) forming alignment grooves on the second 
part; 



f ) positioning end portions of optical fibers in the 
alignment grooves of the second part; 

g) applying adhesive to at least one of the first 
and second parts; 

h) joining the first and second parts so that the 
compliant layer contacts outside surfaces of the 
optical fibers and the optical fibers are situated 
between the compliant layer and the second 
part and so that the adhesive is in contact with 
the compliant layer, the optical fibers and the 
second part; and 

i) curing the adhesive applied in said step (g). 

12. A method as claimed in claim 11 , wherein the first 
part and the compliant layer are transparent to ul- 
traviolet (UV) light, and wherein the adhesive is 
cured in said step (i) by irradiating the adhesive with 
UV light through the first part and the compliant lay- 
er. 

13. A method for making an optical fiber array, compris- 
ing the steps of: 

a) selecting first and second materials having 
substantially similar thermal coefficients of ex- 
pansion to form first and second parts, respec- 
tively; 

b) forming the first part; 

c) forming the second part; 

d) applying an adhesive to the second part; 

e) positioning optical fibers in corresponding 
alignment grooves of spaced first and second 
alignment members; 

f) moving the second part so that the adhesive 
applied in said step (d) contacts the optical fib- 
ers between the first and second alignment 
members; 

g) curing the adhesive applied in said step (d); 

h) applying adhesive to at least one of the first 
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part and the adhesive cured in said step (d); 

i) joining the first and second parts so that the 
optical fibers are situated between the first and 
second parts and so that the adhesive applied 
in said step (h) contacts the first and second 
parts; and 

j) curing the adhesive applied in said step (h). 

A method as claimed in claim 1 3, wherein at least 
one of the first and second parts is transparent to 
ultraviolet (UV) light, and wherein the adhesive is 
cured in said step (j) by irradiating the adhesive with 
UV light through at least one of the first and second 
parts. 
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(54) Methods for making an optical fiber array used in an optical fiber array/optical integrated 
circuit interconnection assembly 



(57) The invention includes four preferred methods 
for making an optical fiber array (10) for coupling to an 
optical integrated circuit (OIC) assembly of a related in- 
vention. The methods include steps of selecting first and 
second materials which have substantially similar ther- 
mal coefficients of expansion to form first (1 2) and sec- 
ond (13) parts, respectively. The first and second parts 
are formed by polishing, grinding or cutting respective 
larger material pieces to an appropriate size, or by mold- 
ing the first and second parts from the materials. An ad- 
hesive (15) is applied to one of the first and second 
parts, and optical fibers are positioned in proximity to 
one of the first and second parts. The first (1 2) and sec- 
ond (13) parts are joined so that the adhesive contacts 
the optical fibers between the first and second parts. The 
adhesive (15) is then cured by the application of heat 
with an appropriate temperature or by irradiating the ad- 
hesive with ultraviolet light, depending upon the type of 
adhesive used. The resulting optical fiber array protects 
the stripped end portions of the optical fibers which are 
relatively fragile. Also, because the first and second 
parts are formed from materials with substantially simi- 
lar thermal coefficients of expansion, the optical fiber ar- 
ray made by the methods of this invention is less subject 
to breakage or loss in bonding strength of the adhesive 
(15) caused the application of temperatures and/or hu- 
midity conditions which are different from those under 
which the optical fiber array was assembled. Thus, the 
alignment and spacing of the optical fibers in the optical 
fiber array can be maintained to effectively align the 
ends of the optical fibers with the ends of optical 
waveguides when the optical fiber array is joined and 



adhered to the OIC assembly. 
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